Fluorescence quenching of 2-(4'-t-Butylphenyl)-5-(4"-biphenylyl)-1,3,4-oxadiazole (BPBD) by aniline in toluene has been carried out at room temperature by steady state and time resolved fluorescence spectroscopy. The SternVolmer plot by steady state method has been found to be non-linear showing a positive deviation, whereas by timeresolved method it is linear. In order to interpret these results we have used the ground state complex and sphere of action static quenching models. Using these models various rate parameters have been determined. Based on these models, with finite sink approximation model, we conclude that positive deviation Stern-Volmer plot is due to the simultaneous presence of dynamic and static quenching processes.
Introduction
Fluorescence quenching of organic fluorophores in solution by various chemical species like aniline, bromobenzene, carbon tetra chloride, eththyltrithiocarbonate, halide ions, metal ions etc. has been studied by several investigators [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The accessibility of fluorophores to quenchers can be used to determine the location of probes on macromolecules. This leads to the importance of quenching mechanism not only in physical science but also in chemical, biological and medical sciences. The study has been mainly to understand the nature of bimolecular reactions taking place both under steady state and transient conditions. The fluorescence in bimolecular liquid systems is quenched due to several mechanisms such as static and dynamic quenching, excimer and exciplex formation, charge transfer processes etc.
2-(4'-t-Butylphenyl)-5-(4"-biphenylyl)-1, 3, 4 -oxadiazole (BPBD) finds various applications as a laser dye and as electron transport layer in Polymer Light Emitting Devices (PLEDs) [12] . It also has potential applications in Quantum dots-based light emitting diodes (QLEDs), solar cells and Organic light emitting diode (OLEDs) as commonly used organic [13] , wavelength shifter in the form of liquid and solid solutions in Cherenkov counters [14] and as a scintillation fluid for scintillation counting of polyacrylamide gel slices after electrophoresis [15] . All these applications of BPBD are based on its high quantum yield/fluorescence. The quenching of its fluorescence by a quencher leads to the reduction in efficiency of devices which make use BPBD as their counterpart. Hence, fluorescence quenching of BPBD by a chemical species in general, by aniline in particular has practical importance.
In the present study, we have used steady state and time-resolved experimental methods to investigate the quenching of BPBD by aniline in toluene with a view to understand the nature of quenching mechanism.
Materials and methods
The solute BPBD was obtained from Sigma -Aldrich, USA and is of scintillation grade. The molecular structure of BPBD is shown in Fig. 1 . The quencher aniline was analytical grade and used after double distillation. The toluene was of spectroscopic grade and is used without any further purification. The solutions were prepared at very low fixed concentration of BPBD (1x10 -5 M) to avoid self absorption effects and varying the quencher concentration (0.000M to 0.010M). Fluorescence spectrophotometer F-2000 was used for fluorescence intensity measurements, with perpendicular geometry. BPBD has maximum absorption of 305nm in toluene. Therefore, it was excited at 305 nm and fluorescence spectrum was recorded in the absence and presence of quencher. The experimental values are reproducible within 5% of the experimental error. The Measurement of fluorescence lifetime of BPBD with and without quencher was made by using single photon9 counting time-domain spectrofluorimeter (Edinburgh Instrument, UK, Model EI-199). Hydrogen was used to fill the lamp of the single photon counting (SPC) system at 0.6 atm pressure, keeping the electrode separation 0.7 mm, applying the discharge voltage of about 7 kV and pirating the lamp at a frequency 30 kHz. With this setting, lamp pulses having pulse width of about 1ns at FWHM were obtained. 
Results and discussion
The steady state fluorescence intensities I0 and I were measured in the absence and presence of quencher respectively in toluene. The fluorescence spectrum of BPBD in the presence of different concentrations of quencher aniline is shown in Fig. 2 . From Fig. 2 , it is clear that fluorescence of BPBD is efficiently quenched by the addition of aniline. Further, fluorescence lifetime of BPBD was measured in toluene in the absence and presence of quencher. The fluorescence decay curves of BPBD with and without quencher are double exponential according to
where the subscripts 1 and 2 refer to the shorter and longer preexponential components respectively of the decay and a respectively. The corresponding data is given in Table 1 .
From Table 1 , it can be observed that lifetime of BPBD decreases with increase in quencher concentration. The Stern-Volmer (S-V) plots I0/I (or 0/) versus [Q] were plotted according to the equation [16] ,
where KSV is the S-V quenching constant and [Q] is the quencher concentration. Eqn. (1) is applicable as long as the experimental results show linear variation. The S-V plot by steady state method in our case is found to be nonlinear showing positive deviation (Fig. 3) . Whereas the S-V plot from time resolved method (0/ versus [Q] ) is found to be linear (Fig. 4) . It is observed that the phenomenon of quenching by time resolved method follows the S-V relation. This suggests the presence of dynamic quenching. However, the positive deviation in the S-V plot from steady state measurements implies that the quenching is not purely dynamic and may be due to the presence of other parallel quenching mechanisms such as formation of either ground state complex, transient quenching process, static quenching process etc. [11] . 
Ground state complex formation model
The possibility of ground-state complex formation has been analyzed by using the extended S-V equation given by the equation [3] [
where KSV and kg are S-V and ground-state association constants respectively. According equation (3) Fig. 5(a) . The correlation is good with correlation coefficient of 0.91. From this plot, the values of Ksv and kg were determined. These values are tabulated in Table 2 . Also, the value of Ksv was determined from the lower quencher concentration region of the plot I0/I versus [Q] ( Table 2 , it is observed that the values of kq"s determined from two methods are not same. Therefore, fluorescence quenching due to ground state complex formation is ruled out in the present case. Also, we have observed that, the absorption spectrum of BPBD in toluene in the absence and presence of quencher do not show any observable difference in the shape or the peak position. This clearly indicates that the fluorescence quenching of BPBD has occurred without involving ground-state complex formation [11] . Alternatively, there may be transient component present in dynamic quenching. Transient fluorescence quenching occurs in those cases where quencher resides within a sphere of action with a volume surrounding the fluorophore at the time of relaxation. However, the presence of transient quenching is ruled out in the present case as we have observed a perfect linear plot for 0/ against [Q] (Fig. 4) . Hence, the positive deviation could be due to the presence of static quenching. The possibility of static quenching process was analysed using sphere of action static quenching model [1, 2, 17] . 
Sphere of action static quenching model
According to this model, the instantaneous or static quenching occurs if the quencher molecule is very near to, or in contact with the fluorescent molecule at the exact moment it happens to be excited. This was explained by the fact that only a certain fraction "W" of the excited state is actually quenched by the collisional mechanism. Some molecules in the excited state, the fraction of which is (1-W) are de-activated almost instantaneously after being formed, because a quencher molecule happens to be randomly positioned in the proximity at the time the molecules are excited and interacts very strongly with them. Several models were employed to describe this static quenching process, all leading to the following modified form of the S-V equation [16] .
According to equation (3), the plot of [ (1-I/ I0 )]/[Q] against I/I0 is found to be linear (Fig. 5(b) ). The value of KSV is determined by least square fit method and hence kq is determined using the relation kq =KSV/0. These values are given in Table 2 Table 2 . It is observed that the value of KSV is rather larger relative to the value of V, which explains the lack of the changes in absorption spectrum in the presence of quencher. In order to compare the radius "r" of sphere of action with encounter distance or reactive distance R, i.e., the sum of the radii of the BPBD (RS) and the quencher molecule (RQ), the radii of BPBD and aniline were determined by the method suggested by Edward [18] and are given at the bottom of Table 2 . It is known that the static effect takes place in case of steady state experiments irrespective of ground state complex formation, when the distance between the quencher molecule and the excited molecule lies between the reactive distance R and kinetic distance r, provided the reactions are diffusion limited [19, 20] . From Table 2 it is evident that, the value of kinetic distance "r" is greater than the reactive distance R, indicating the role of static quenching process in the present case. Further, to find out whether the reaction is diffusion limited, we have used the finite sink approximation model.
Finite sink approximation model
According to this model, the modified S-V equation is [21] . These values are given in Table 3 . For R ' >R, the bimolecular reactions of fluorescence quenching are said to be diffusion limited, if the value of kq ( c q k ) determined from Eqn. (3) is greater than 4N'R'D [20, 22] 
Conclusion
From the present investigation we conclude that: (1) the S-V plot shows positive deviation leading to high value of kq, indicating efficient fluorescence quenching. indicating the biomolecular reaction is diffusion limited. In view of the above facts we conclude that fluorescence quenching of BPBD by aniline in toluene is due to simultaneous presence of dynamic and static quenching processes.
